The early application of computing to the renal specialties was to be expected, since clinical work is based on such dense demographic and numerical information. There has been a long phase of development, based on a few enthusiastic centres, and a more general introduction is now conceivable. It seems timely to review this experience and the current position.
Computers were used initially as data-banks. This was a direct replacement of paper records, but offered the advantages of general access, convenience, speed, the capacity for data review, and, where numerical data were concerned, a routine graphical display (1) . These applications ranged from laboratory data at clinical unit level, to demographic variables at the national and international registries (2, 3) . The impact of the electronic data storage was greatest where computerised laboratory reporting was not already available, but new developments had led anyway to a more sophisticated use of numerical data. The recognition of linear trends in reciprocal serum creatinine in chronic renal failure, the predictability of transformed serum alkaline phosphatase during the treatment of renal osteodystrophy, and the complicated interactions of multiple therapies in renal transplantation, all increased the clinical interest in computer graphics, and created a framework for clinical management (4, 5) . Similarly, the management of haemodialysis patients by the range of modern techniques was facilitated by the ability to observe trends in vital signs, dialysis-related symptoms, and biochemistry. Computer graphics are unrivalled in the expression of clinical anecdotes.
The direction in which these various elements have been developed has depended on the nature of local difficulties in clinical activity, and the preoccupations of the clinicians or nursing staff concerned. There has been a temptation to extend computer function beyond data recording into the centre of renal unit clinical routines. This occurs particularly because of the need to exercise control over large units, where the computer-assisted management of a variety of functions has definite advantages. This has been
The International Journal Of Artificial Organs! Vol. 10! no. 4, 1987 ! pp. 213-215 viewed as creating the equivalent of an "autopilot" for basic clinic functions, and may include the maintenance of clinical diaries, the establishment of quality control criteria on treatment, the use of closed-loop investigation protocols with prompts and reminders, and the automation of prescribing (6-9). Computerbased protocols can be valuable in converting unpredictable, irregular, clinical events into regular steps of routine management. The use of a computer to keep track of the induction for renal transplantation may be quoted as one specific example (7, 10) . This involvement of the database in clinical management is a significantly more complicated step than data recording, and has to be based on detailed operational research by those with an intimate knowledge of current unit practice.
The general principles of computer introduction have been discussed by a number of authors, and there were no particular exceptions in the renal area (11) . In attempting to generalize the use of computers within a clinical environment, away from perhaps a few expert staff, it has been crucial to encourage easy access to patient data, and to maintain staff familiarity with the protocols in use. In the conversion from paper-based methods a certain ingenuity is necessary in arranging for users to benefit from the change, and if possible the user should be allowed to put his or her 'face' on the system, and indulge any particular interests and ha:bits. Since clinical methods are constantly changing it has been important that computer systems were readily reconfigurable, and enquiry systems flexible and comprehensive. Since the systems are often introduced by enthusiasts, or those with specialist knowledge, it may not be surprising that staff become concerned by the 'third party' represented by the computer (12, 13). Lively consultative arrangements may go some way to reducing staff 'interfacial' resistance.
For the database to be reliable where clinical functions are concerned it has been important that the computing steps are part of the executive actions, rather than a parallel record of clinical events. In the latter case, data recording relies on the unprompted initiatives of staff. No amount of encouragement or convenience will maintain adequate records, unless a paper-less system is being attempted so that no alternative is available.
In these various areas there has tended to be a convergence of the principles of application, for example the use of a mix of VDU and paper records. There have been several ambitious attempts to convert all clinical records into an electronic form, but for most centres this must be something for the future (14, 15) . There are considerable problems (and expense) in providing a system that is permanently available, in the scale of data storage, in the need for quality control on the data base, and in the maintenance of staff interest. Computerisation projects seem more easily begun than sustained. Demographic information is most accurately recorded at source by those using it on a day to day basis, and for this reason both administrative authorities, and the registries, have become interested in clinical computing systems.
Clinical audit and the costing of clinical activity are more readily accomplished with the computer record, and the systems may pay for themselves from economies based on detailed information. Alternatively, savings may be used up in the improvement of quality of care.
Over the past four years the European Dialysis and Transplant Registry in London has received the annual patient returns on a computer to computer basis, by telephone link, from an increasing number of renal units in the United Kingdom (7). These maintain compatible computer equipment, and in 1985/6 20 of 50 units returned in this way, with a proven reduction in transcription errors and rapid verification of the material. Computer returns to registry have a number of advantages for the units themselves, including the possibilty of compiling the returns piecemeal, rather than the need for an annual 'blitz', the detection of missing data, and the mass automatic entry of negative or positive responses. The U.K. Transplant Service and other transplant registries are increasingly involved in links to clinical units, and it is only a matter of time before networks are developed. This data transfer acitivity and other computer developments were recognised for the first time in the EDTA-ERA meeti ng in Budapest, 1986, where a section on computing was organised, with lectures, workshops and poster presentations (7) . Other professional groups are similarly active.
The role of computers in nephrological research is of interest, quite apart from the use of microcomputers for specific projects. It is becoming possible, for 214 the first time, to use large-scale clinical computer databases as a research tool. This holds great promise, particularly in the investigations of dialysis techniques (16) . Multi-centre studies will be facilitated by computer data recording and communications, the best current example being the research on low protein diets beging pursued by the European Study Group, co-ordinated from Mannheim over the European Academic network (EARN) (17) .
The strictly computational uses of computers are less developed than data-bank functions, and only a handful of medical decision-making aids and expert systems have been developed to date (7) . There would appear to be an opening in the routine introduction of kinetic modelling, both of urea and sodium, and indeed the National Co-operative Dialysis Study used a central computing facility to work out dialysis prescription (7, 18) . Other computer-based methods of data manipulation have also been developed, for example the detection of trends in numerical data in renal transplantation, and the description of the interaction between multiple variables (in one case serum creatinine, haemoglobin and cyclosporin) (7, 19) . In addition, the modelling of renal unit activity is likely to allow the more accurate prediction of trends in treatment, patient numbers, and the need for facilities (20) .
For the immediate future the challenge seems to be the general introduction of computerized methods of unit management, both at the clinical and administrative level. It is just as well that modern computer technology allows great flexibility in communication between systems, when the need to reconcile clinical and administrative activity, and therefore clinical and administrative databases, is becoming more widely appreciated. Future renal unit operation is likely to relyon a computerised infrastructure as much as an organism upon its brain. The clinical, economic, and scientific benefits, although formulated, are yet to be harvested. The incentives to further development are clear enough.
